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APPLICATION FOR PATENT TERM EXTENSION UNDER 35 U.S.C. 6 156 

Mail Stop: Patent Term Extension 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450. 

RE: Application for Patent Term Extension Pursuant to 35 U.S.C. $ 156 (37 C.F.R. 
8 1.740) United States Patent Number 5,292,33 1 

Dear Commissioner: 

Enclosed is an application for patent term extension pursuant to 37 C.F.R. 5 1.740. The 
owner of record, Medtronic Vascular is submitting this application. Medtronic Vascular (formally 
Medtronic AVE) acquired the entire assets of Applied Vascular Engineering (aka Arterial Vascular 
Engineering, aka AVE) through corporate acquisition on January 29*, 1999. Thus all rights in 
United States I’atent Number (USPN) 5,292,33 1 are held by and vested in Medtronic Vascular a 
Delaware Corporation and a wholly owned subsidiary of Medtronic, Inc., a Delaware company. 
Medtronic Vascular’s corporate headquarters are located at 3576 Unocal Place, Santa Rosa, CA 
95403. A brief summary of the chain of title for USPN 5,292,33 1 follows. 

The sole inventor of USPN 5,292,33 1, Michael D. Boneau, assigned his entire right, title and 
interest in United States patent application serial number (USPASN) 07/398,180 together with all 
divisional applications, continuations and continuations-in-part to Accuterix, Inc. its successors, legal 
representatives and assigns on August 24, 1989. The assignment was recorded in the United States 
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Patent and Trademark Office (USPTO) on August 24,1989. A complete microfilm copy is 
available in the USPTO records on reel 5 116, frame 0570. 

Subsequently, Accutrix, Inc. assigned their entire right, title and interest to USPASN 
07/398,180 together with all divisional applications, continuations and continuations-in-part to 
Endovascular Support Systems, Inc. on August 9, 199 1. A complete microfilm copy is available in 
the USPTO records on reel 58 16, frame 02 15. 

Thereafter, Endovascular Support Systems, Inc. assigned their entire right, title and interest to 
USPASN 07/39&l 80 together with all divisional applications, continuations and continuations-in- 
part to Applied Vascular Engineering, Inc. September 8, 1993. This assignment was recorded in the 
USPTO on September 8, 1993. A complete microfilm copy is available in the USPTO records on reel 
6687, frame 0449. 

On January 30fh, 1996 Applied Vascular Engineering, Inc. changed its name to Arterial 
Vascular Engineering, Inc. Applied Vascular Engineering then assigned its entire right, title and 
interest to USPASN 071398,180 together with $1 divisional applications, continuations and 
continuations-in-part to Arterial Vascular Engineering. This assignment was executed January 30*, 
1996 and was recorded March 20, 1996. A complete microfilm copy is available in the USPTO 
records on reel 8522, frame 0049. 

Medtronic, Inc. acquired the assets of Arterial Vascular Engineering (AVE) through 
acquisition on January 2gth, 1999 and formed a new Delaware Corporation named Medtronic AVE. 
Arterial Vascular Engineering assigned its entire right, title and interest to USPASN 07/398,180 
together with all divisional applications, continuations and continuations-in-part to Medtronic AVE. 
This assignment was executed January 28’, 1999 and was recorded January 3 1, 1999. A complete 
microfilm cop:y is available in the USPTO records on reel 011258, fi-ame 0053. 

Subsequently, Medtronic AVE changed its name to Medtronic Vascular, the present 
applicant, wherein all right, title and interest to USPASN 07/398,180 together with all divisional 
applications, continuations and continuations-in-part now reside. Therefore, the application for 
patent term extension, Medtronic Vascular, is the owner of all rights title and interests in USPN 
5,292,33 1, the subject patent of the present patent term extension application. 

Documents supporting the above title chain for USPN 5,292,33 1 can be found in Appendix A 
of this application for patent term extension. 
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1) 

2) 

3) 

4) 

Comnlete Identification of the Annroved Product by appropriate chemical and Peneric name, 
physical structure or characteristics: 

The approved product is an over-the-wire coronary stent system for use in patients with 
symptomatic ischemic heart disease due to discrete single de novo and restenotic lesions. 
The FDA product code is MAF for Stents, Coronary. The Medtronic Vascular stent 
marketed as the “S8 Over-the-Wire System” or alternatively under the trademarked name 
“Driver Stent Delivery System.” The System includes a cobalt-based modular stent mounted 
on a balloon catheter as depicted in Figure 1 below’. Figure 2 shows the distal portion of the 
Medtronic Driver Stent Delivery System in detail. Figure 3 depicts a S8 modular stent 
member. 

Figure 1 Figure 2 Figure 3 

A comnlete identification of the Federal statue including the apnlicable provision of law 
under which the regulatory review occurred: 

The Federal Statue under which regulatory review took place for the Medtronic Vascular’s 
S8 Over-the-Wire System is 37 C.F.R. $814. 

The date on which the product received permission for commercial marketing or use under 
the provision of law which the annlicable rerrulatorv review period occurred. 

The Medtronic Vascular S8 Over-the-Wire System was approved for marketing October 1, 
2003. 

Statement that the present application is beinp submitted within the sixtv dav neriod 
permitted for submission and an identification of the date of the last dav on which the 
apnlication could be submitted. 

’ See httr,://www.medtronic.comlmedtronic vascular/es drivermx.html 
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5) 

6) 

7) 

8) 

The present application for patent term extension is being submitted within the sixty day 
period permitted for submission pursuant to 37 C.F.R. $1.720(f). The last day for submission 
of the present application is November 30,2003. November 30th is a Sunday, therefore, this 
application may be filed on December 1,2003. 

The comulete identification of the patent for which an extension is being sought by the name 
of the inventor, the natent number, the date of issue and the exniration date. 

The present application for extension is for United States Patent Number 5,292,33 1 issued 
March 8,1994 and expiring March 8,2011. The inventor is Michael D. Boneau. 

A conv of the entire uatent for which extension is being sought, including the entire 
snecification. claims and drawing. 

A copy of U.S. patent number 5,292,33 1 is attached as Appendix B. 

A copy of anv disclaimer, certificate of correction, receipt of maintenance fee pavment, or 
reexamination certificate issued in the patent. 

There are no disclaimers, certificates of correction or reexamination certificates issued on 
U.S. patent number 5,292,33 1. A copy of the maintenance fee payment record is provided as 
Appendix C. 

Statement that the natent claims the apnroved nroduct, or a method of usinp: or manufacturing 
the annroved nroduct, and a showing which lists each a&cable natent claim and 
demonstrates the manner in which at least one such patent claims reads on the annroved 
product. 

United States patent number 5,292,33 1 claims the S8 Over-the-Wire Coronary Stent System 
approved October 1,2003. The applicant asserts that claims 1,2,3, and 6 of the ‘33 1 patent 
read on the Medtronic Vascular S8 Over-the-Wire Coronary Stent 

In particular, claim 1 reads on the approved device as follows: 
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Claim Chart Comparing Claim 1 of U.S. Patent 5,292,331 element-by-element with the 
S8 Over-the-Wire Coronary Stent 

Claim 1 of U.S. Patent 5,292,331 

1. A stent for implantation within a vessel within 
the human body comprising 

a plurality of N substantially straight segments of 
wire-like material, each segment having a first 
and second ends wherein the first end of a first 
segment is connected to the first end of a second 
segment, the second end of the second segment is 
connected to the second end of the third segment, 

the first end of the third segment is connected to 
the first end of the fourth segment, and so on 
until the second end of the Nth segment is 
connected to the second end of the first segment. 
with no segment overlapping any othe? segment 
and the plurality of segments being capable of 
being compressed onto a catheter for delivery to 
an affected area of a vessel 
the plurality of segments being capable of being 
compressed onto a catheter for delivery to an 
affected area of a vessel 

and then forcibly expanded to maintain the 
affected area of a vessel at a diameter larger than 
if the support device were not implanted 

Corresponding Features of the S8 Over-the- 
Wire Coronary Stent System 

The S8 is a coronary stent approved for use in 
treating vascular occlusions including de novo 
and restenotic lesions of the coronary artery. 
Thus the 58 Over-the-Wire Coronary Stent 
System is intended for implantation within the 
human body 
The S8 coronary stent is composed of a plurality 
of substantially straight segments of wire-like 
material having first and second ends wherein the 
first end of a first segment is connected to the 
first end of a second segment, the second end of 
the second segment is connected to the second 
end of the third segment (see Figures 2 and 3 of 
this application below compared to Figure 1 of 
the 5,292,33 1 patent) 
See Figures 2 and 3 of this application below 
compared to Figure 1 of the 5,292,33 1 patent). 

As can be seen in both Figures 2 and 3 of this 
application there is no segment overlapping any 
other segment. 

The S8 stent is designed to be compressed onto a 
catheter for delivery to an affected area of the 
vessel. Figure 4 of this application depicts a 
compressed S8 stent on a balloon catheter 
(Below). Compared with FIG. 2 of the ‘33 1 
patent. 
See Figure 1 of this application below. The 
expansion of the S8 results in a vessel diameter 
being greater than the vessel diameter. The pre- 
expanded vessel generally has an occlusion, or 
narrowing at the implantation site. Therefore, 
once the stent is expended, the vessel’s diameter 
increases and is by necessity greater than the 
vessel prior to stent expansion and implantation. 
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The pictures and Figures that follow correlate to the claim elements discussed in the Claim 
Chart on the preceding page and clearly demonstrate that Claim 1 of U.S. patent 5,292,33 1 (the ‘33 1 
patent) reads on the S8 Over-the-Wire Coronary Stent System. 

Figure 1 of U.S. patent 5,292,33 1 Figures 2 and 3 of this application: A plurality of S8 stent 
Segments attached end-to-end. 2 

161 

In Figure 1 of US Patent 5,292,33 1 the upper axial turns (12) are connected to the lower axial 
turns (14) by substantially straight segments 16. The corresponding structures are clearly 
evident in Figures 2 and 3 of this application and juxtaposed to Figure 1 of the ‘33 1 patent. 

Figure 1 of this application showing the S8 stent balloon mounted and forcibly expanded. 

* See httn://www.medtronic.com/medtronic vascular/es drivermx.html 
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Figure 4 of this application depicts the “Driver” (AKA S8Coronar-y stent) compressed onto 
catheter for delivery to an affected vessel3 

DRIVER 1 

Therefore, based on the analysis above the Applicant respectfully asserts that Claim 1 of 
United States Patent number 5,292,33 1 reads on the approved device, the Medtronic Vascular S8 
Over-the-Wire Coronary Stent. 

Figure 2 of the ‘382 patent (below) shows the stent as claimed compressed onto a catheter 
balloon. Compare this with the Driver Stent (S8) compressed on a balloon catheter immediately 
above. 

3 See httw//www.medtronic.com/medtronic vascular/es drivermx.html 
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New Page: 

9) The relevant dates and information pursuant to 35 U.S.C. Yj 1560 to enable the Secretary of 
Health and Human Services to determine the applicable review period: I 

The effective date of the investigational device exemption (IDE) and the IDE 
number: 

Conditional approval of the Applicant’s IDE was dated December 20,200 1 
and signed by Dr. Bram Zuckerman, Acting Director, Division of 
Cardiovascular and Respiratory Diseases. 

2) The Applicant’s IDE number is G010301, GO103Ol/Al, A2 and A3. 

B) The date on which the application for product approval under Section 5 15 of the 
Federal Food Drug and Cosmetic Act.. was initially submitted and the number of the 
application. 

1) A Pre-market Approval application (PMA) for the S8 Over-the-Wire 
Coronary Stent System was submitted April 9,2003. 

2) The PMA number is PO30009. 

Cl The date on which the application was approved. 

The S8 Over-the-Wire Coronary Stent System PMA was approved on October 1, 
2003. 
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New Page: 

10) Brief RescriAon of the sinnificant activities undertaken bv the marketing amAicant 
jMedtronie Vascular) during the applicable regulatory review period with remeet to the 
approved product and the significant dates amlicable to such activities. 

GO10301 I SO06 Donna-Bea Tilhnan lo-Jun-02 Approval of Driver IDE received from FDA 

GO10301 / SO07 IDE Dot. Mail Ctr 17-Jun-02 6-Month Clinical Site Update submitted 
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10) Brief Description of the simificant activities undertaken by the marketing applicant 
(Medtronic Vascular) during the apDlicable renulatorv review period with respect to the 
approved product and the sig;nificant dates amlicable to such activities. (Continued). 

No. FDA Reviewer Date Description 

NA Ashley Boam 19-Aug-02 FDA determines based on new material of stent, the 
Driver PMA submission must be an original PMA, not a 
PMA supplement 

GO10301 / SO08 

NA 

IDE Dot. Mail Ctr 

NA 

26-Aug-02 Report of status with ongoing animal studies 

25Sep-02 Last patient implant for IDE Trial 

Bram Zuckerman 17-Ott-02 Report of status with ongoing animal studies 

GO10301 / SO10 IDE Dot. Mail Ctr 23..Dee-02 Submission to FDA: Response to letter dated 11 /I 4/2002 
Final Animal Study Report (FS81) 

GO10301 /so11 IDE Dot. Mail Ctr 1 Wan-03 Submission response to request for additional information 

I I I 

GO10301 / so121 IDE Dot. Mail Ctr 16-Jan-03 Annual Report Submitted 
NA Sue Bowleyl Ashley 28-Feb-03 Teleconference regarding inclusion of 27O-day clinical 

Boam data as PMA Amendment. 

PO30009 PMA Dot Mail Ctr 9-Apr-03 Original FDA PMA Submission of Driver Coronary Stenl 
systems 

t I I 

PO30009 1 Bram Zuckerman 1 23-May-03 IFDA agreed to file PMA 

PO30009 t A002 

PO30009 / A003 PMA Doe Mail Ctr 

DOCSOC\1009674v1\14364.0115 
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Brief Description of the simificant activities undertaken bv the marketing aplicant 
(Medtronic Vascular) durin? the aplicable regulatorv review period with respect to the 
approved product and the sirrnificant dates amlicable to such activities. (Continued) 

No. FDA Reviewer Date Description 

NA 
I I 

Sue Bowley/ Steve 2 1 -Aug-03 Samples of the OTW delivery system provided to 
Hilbert reviewers at the request of FDA. 

I 

PO30009 / A00 
d, CA from our list of sterilization facilities for 

PO30009 / AOOX PMA Dot Mail Ctr 29-Sep-03 Response to FDA questions on final Iabeling, biomaterials 
compendium and conditions of approval letter 

PO30003 Bram Zuckerman 1 -act-03 Driver PMA Approval received from FDA 

I I I 
PO30009 / A009 1 PMA Dot Mail Ctr 1 8-O&03 IFinal Labeling I 
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New Page: 

11) Statement that in the opinion of the an&ant that the patent is eligible for extension 
and a statement as to the length of extension claimed, including how the extension 
was calculated. 

The applicant respectfully asserts that United States Patent Number 5,292,33 1 is 
eligible for extension. The applicant has demonstrated that at least one claim of U.S. 
Patent $292,331 reads on the approved device (S8 Over-the-Wire Coronary Stent) 
and that this application for extension is being timely filed. 

The applicant respectfully asserts that U.S. Patent 5,292,33 1 is eligible for a 413 day 
extension as calculated pursuant to 37 CFR $1.777. 

Calculations Under 37 CFR 4 1.777 

1 L Calculations under 37 CFR 4 1.777 (c)(l) 

Determine the number of days in the period beginning on the date a clinical 
investigation on humans involving the device began and ending the date the PMA 
was initially submitted. 

9 Clinical investigations on humans are deemed to have begun on the date that the FDA 
determines that an IDE required under section 520(g) of the FDCA (21 U.S.C. 360j 
(g) is substantially complete. In this case the records indicated that on December 20, 
2001 the Medtronic Vascular IDE number GO10301, GOlOJOl/Al, A2 and A3 
received a Conditional Approval. Thus, this date will be used for the initial 
calculations. 

ii) The PMA was initially filed April 9,2003. 

iii) The experimental period is thus calculated as the time between December 20,200 1 
and April 9,2003, or 476 days. 

Calculations under37 CFR & 1.777 (c)(2) 2 . 

Determine the number of days in the period beginning on the date the PMA was 
initially filed and ending on the date the PMA was approved. 

The PMA was initially submitted April 9,2003 and was approved October 1,2003. 
Thus the approval period was 175 days. 

The Sum of 37 CFR $1.777 c(l) and 37 CFR $1.777 (c)(2) equals 651 days. 



Patent Term Extension Application for USPN 5,292,33 1 
Attorney Docket Number 14364.113 
Page 13 of 14 

3 - Calculations under 37 CFR 61.777 (d)(l) 

9 Subtract the number of days in the periods (c)( 1) and (c)2 of this section which were 
on and before the date the patent issued. 

Zero for U.S. Patent 5,292,33 1. 

ii) Subtract the number of days in the periods (c)( 1) and (c)2 of #is section during 
which the applicant did not act with due diligence. 

Zero for U.S. Patent 5,292,33 1. 

iii) Subtract one-half the number of days remaining in the period defined by (c)( 1) of this 
section after that period is reduced in accordance with paragraphs (d)(l)(i) and (ii). 

238 days for U.S. Patent 5,292,33 1. 

Therefore, the maximum extension available for U.S. patent number 5,292,33 1 For 
US. is 476 (from step 1 (iii)) + 175 (from - 238 3 = 413 
days. ’ 

step 2) (from step (iii)) 

4 b Calculations Under 37 CFR 6 1.777 (d)(2) 

Determine the number of days shortened by a terminal disclaimer. 

Zero for U.S. Patent 5,292,33 1 

5 L Calculations Under 37 CFR 6 1.777 (d)(3) 

Section (d)3 requires that 14 years be added to the date the PMA was approved, this 
equals the longest possibIe extension available (14 years from the approval date) in 
this case the 37 CFR 9 1.777 (d)(3) date is October 1,2017). 

6 L Calculations Under 37 CFR B 1.777 (d)(4) 

The new expiration date is April 25,2012 which is before October 1,2017. Thus 
United States Patent 5,292,33 1 is eligible for the entire 413 day extension as 
calculated above. 

7. Calculations Under 37 CFR 8 1.777 (d)(5) 

United States Patent number 5,292,33 1 was fifed after September 24, 1984. 
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12) Statement that the applicant acknowledges a duty to disclose to the Commissioner of 
Patents and trademarks and the Secrew of Health and Human Services any 
information which is material to the determination of entitlement to the extension 
soudlt. 

The applicant acknowledges his duty to disclose to the Commissioner of Patents and 
trademarks and the Secretary of Health and Human Services any information which is 
material to the determination of entitlement to the extension sought. The applicant 
has no disclosures to that are material to the determination of entitlement to the 
extension sought. 

13) The prescribed fee for receiving and acting upon the annlication for extension. 

The Commissioner is hereby authorized to charge payment of the patent term 
extension application fee pursuant to 37 C.F.R. 9 1.20 (j)( 1) in the amount of 
$1,120.00 to Deposit Account number 0 l-2525. 

14) The name address and telephone number of the person to whom inauires and 
correspondences relatinp to the application for patent term extension are to be 
directed. 

Michael J. Jaro, Esq. 
Chief Patent Counsel 
Medtronic Vascular 
3576 Unocal Place 

Santa Rosa, CA 95403 

(707) 566- 1746 

@iff submitted on behalf of the applicant. 

,~-?K!&is~?-iXiIiman~‘Bsq. 
USPTO Reg. No. 39,645 
Stradling Yocca Carlson & Rauth 
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H-1 135-P 

ASSIGNMENT 

WHEREAS, I, MGHAEL D. BONEAU. a citizen of the United States of America. 

residing at 342 W. Sunnyoaks, Campbell, California 95099. have invented a certain 

new and useful ENDOVASCULAR SUPPORT DEViCE AND METHOD for whkzh I am 

about to make an application for Letters Patent of even date herewith; and 

WHEREAS, ACCUTEFUX. INC.. a corporation existii under the laws of the 

State of California and doing business a! 342 W. Sunnyoaks, Campbelt, Caliii 

95008, is desirous of obtaining the entire right, t&Is and interest in, to and under the 

said invention and application. 

NOW, THEREFORE, for good and vsluabfa consideration, the receipt of which 

is hereby acknowledged, f. MICHAEL D. BONEAU, have sold. assigned, transferred 

and set over, and by these presents do hereby sell, assign, transfer and set over 

unto the said ACCUTERtX, INC, its successors, legal representatives and assigns, 

my entire right, title and interast in. to and under the said invention and the said 

application for Letters Patent, a copy of which as filed in the United States Patent 

Office is contained in Docket No. H-1136-P in the offices of HAFIRlSON & EAKtN. a 

Partnership of Proft3ssional CorpoMons, 1700 South El Camiio Real. Suite 405. San 

Mateo, California 94Mt2-3993 and all divisions, continuations and continustions-in- 

part thereof, and all Letters Patent of the United States which may be granted 

thereon and all applications for Letters Patent which may be filed for said invention 

in any country or countries foreign to the United States, and all Letters Patent which 

may be granted for aaid invention in any country or countries foreign to the United 

States, and to all extensions, renewals, and reissues thereof, and the right to daim 

priority under the tntemational Convention for the Protection of industrial Property; 

and t hereby authorize and request the Commissioner of Patents and Trademarks 

of the United States, and any Ofiicial of any country or countries foreign to the 

United States whose duty it is to issues patents on applications as aforesaid, to isSUe 

all Letters Patent for said invention to the said ACCUTERK INC.. its successors, 

legal representatives and assigns, in accordance with thii inStrur%Krt. 

AND I hereby covenant that I have the full right to convey my entire interest 

herein assigned, and that 1 have not executed, and will not execute, any agreement 

in conflict herewith. 
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I I AND I hereby further covenan! and agree that I will cornmunicata to the said 

2 1 ACCUTERK, INC., its sum, legal representatives and assigns, any facts known I 
3 by me respecting saki invention, and testify in any lagal procaeding, sign atI lawful 

4 papers, execute all divisional, continuing or reissue applications, make ail rightful 

5 oaths, and gena#lIy do everything possibfe to aid the said ACCUTERfX, INC., its 
6 successors, tegal rep-es and assigns to obtain and enforce proper patent 

7 proton for said lrnrmtion in all wontries. 

8 
II 

N.TESTiMONY WHEREOF, I have hereunto set my hand this Twenty-Fourth I 
)r I 

9 day csf August, 1989, at -SAd’i;Q-, California. 

10 Z / S 
u 21 
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: s 
i 

STATE OF CAUFORNIA 

I 

t’ 
ss. 

COUNlY OF 

On this Twenty-Fourth day of August.1989, befote me personally appeared 

Michael D. Boneau. parsonally known to me or proved to me on the basis of 

satisfactory evidence to bs the person whose name is subscribed to the within 
I 

:- instrument, and 
I 

acknowkdged that he executed it. witness my hand and official 
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23 \ 
I 

24 I’ 

25 
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Washington. DC 20231 

TO: 
JAMggE.EAKM 
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it is to issue patents on applications as aforesaid, to issue all Letters Patent for said 

invention the said ENDOVASCULAR SUPPORT SYSTEMS, INC., its successors, legal 

representatives and assigns, in accOrd8nCe with this instrurnant; 

AND, ACCUTERIX. INC., hereby covenant that lt have the full right to convey 

_ 

my entire interest herein assigned, and that I have not executed, and will not execute, 

any agreement in conflict therewith; . 
AND, ACCUTERIX, INC., her8by further covenant and agree that it will 

communicate to the said ENDOVASCULAR SUPPORT SYSTEMS, INC., its successors, 

legal representatives and assigns, any factsknown to it respecting said invention and 

said application, and testify in any legal proceedings, execute all lawful papers, make 

al rightful oaths and generally do everything possible to aid the said ENDOVASCULAR 

SUPPORT SYSTEMS, INC., its successors, legal representatives and assigns to obtain 

and enforce proper patent protection for said invention in ali countries. 

15 
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IN TfSTlMONY WHEREOF, ACCUTERIX,fNC., through an authorized officer, 

has caused this Assignment to executed this Q b & c day of 1991. 

state Of Ca!iiOrni8 

capacity, and that by his signature on the instrument the person, or the entity upon 
behalf of which the person acted, exewtsd the instrument. 

WITNESS my hand and official seal. 

. .-3 

-2 
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7 
filed August 24,1989, entitled ENDOVASCULAR SUPPORT OFVICE AND METHOD 

together with all right, title and interest in, to and under the invention described 
8 

9 
therein including all foreign rights thereto; and 

10 
WHEREAS, ENDOVASCULAR SUPPORTSYSTEMS, INC., a corporationexlsting 

under the laws of the State of California and doing business at 342 W. Sunnyoaks, 
71 
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ASSIGNMENT 

WHEREAS, ACCUTERIX, INC., a corporation existing under the law of the State 

of California and doing business at 342 W- Sunnyoaks, Campbell, California 96008, 

is the owner by assignment of US. Patent Application Serial Number 07/398,180, 

_ _ 

12 

73 

14 

15 
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17 

18 

19 

20 

21 

22 

23 

24 

25 
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27 

28 

Campbell, California 96008, is desirous of obtaining the entire right, title and interest 

in, to and under the said application, including all foreign rights; 

NOW, THEREFORE, in consideration of a good and valuable consideration, the 

receipt of which is hereby acknowledged, ACCUTERIX, INC., have sold, assigned, 

transferred and set over, and by these presents do hereby seii, essign, transfer and 

set over unto the said ENDOVASCULAR SUPPORT SYSTEMS, INC., its successors, 

legal representatives and assigns my entire right, title and interest in, to and under the 

said invention and the said application of Letters Patent Serial No. 07/398,180 filed 

August 24, 1989, and aM divisions, continuations and continuations-in-part thereof, 

and all Letters Patent of the United States which may be granted thereon and all 

application for Letters Patent which may be granted for said invention in any country 

or countries foreign to the United States of Americe, and to all extensions, renewei, 

reissues, and reexamination certificates thereof, and the right to Claim priority under 

the international Convention of the Protection of lndustriat Property, and all rights 

under the Patent Cooperation Treaty; and ACCUTERIX, INC., hereby authorize and 

requestthe Commissioner of Patents and Trademarks of the United States of America. 

and any official of any country or countries foreign to the United States whose duty 
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WHEREAS, ENDOVASCULAR SUPFORT SYSTEMS. INC., formerly named ENDOTHELIAL 

SUPPORT SYSTEMS, INC., a corporation existing under the laws of the State of California and 

doing business at 342 W. Sunnyoaks, Cam@belL California 95008, is the owner by a&nment 

of U.S. Patent Application Serial Number 071398,180, filed August 24, 1989, entitled 

ENDOVASCULAR SUPPORT DEVICE AND METHOD, together with al right, title and interest 

in. to and under the invention described therein including all foreign rights thereto; and 

WHEFIEAS, APPUED VASCULAR ENGINEERING. INC.. a corporation exrsting under the 

laws of the State of Delaware and doing business at 5345 Skylane Boulevard, Santa Rosa, CA 

95403 is desirous of obtaining the entire right, title and interest in, to and under the said 

invention and application, including all foreign rights; 

NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby 

acknowledged, ENDOVASCULAR SUPPORT SYSTEMS, INC., have sold, assigned, transferred 

and set over, and by these presents do hereby sell, assign, transfer and set over unto the said 

APPLIED VASCUfAR ENGINEERING, INC.. its successors, regal representatives and assigns, ; 
c 

its entire right, title and interest in, to and under the said invention and the said application for C - 

Letters Patent serial numbef 07/398,t80, filed August 24, 1989, and all divisions, f 
: 

continuations and continuations-in-part thereof, and ail Letters Patent of the United States G  

which may be granted thereon and all applications for Letters Patent which mav be filed for 

said invention in any country or countries foreign to the United States, and all Letters Patent 

which may be granted for said invention in any country or countries foreign to the United 

States, and to all extensions, renewals, and reissues thereof, and the right to claim priority 

-- 1 
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under the International Convention for the Protection of b’xWtria1 Property; and 

ENDDVASCULAR SUPPORT SYSTEMS, INC., hereby authorizes and requeststhe Commissioner 

of Patents and Trademarks of the United States, and any Ufficiat of any country or countries 

foreign to the United States whose duty it is to issues Datents on applications as aforesaid, to 

issue all Letters Patent for said invention to the said pPPt.lfD VASCULAR ENGINEERING, INC.. 

its successors, legal representatives and assigns, in accordance with thii instrument. 

AND ENDOVASCUIAR SUPPORT SYSTEMS, INC., hereby covenants that it has the f uil 

right to convey its entire interest herein assigned. and that it has not executed, and will not 

execute, any agreement in conflict herewith. 

AND ENQOVASCULAR SUPPORT SYSTEMS, INC., hereby further covenanrs and agrees 

that it wiil communicate to the said APWED VASCULAR ENGINEERING, \NC., its successors, 

legal representatives and assigns. any facts known by it respecting said invention, and testify 

in any legal proceeding, sign all lawful papers, execute all divisional, continuing or reissue 

applications. make all rightful oaths, and generaily do everything possible to aid the said 

APPLIED VASCULAR ENGINEERING, INC.. its successors, legal representatives and assigns to 

obtain and enforce proper patent protection for said invention in atf countries. 

IN TESTIMONY WHEREOF, WDOVASCUW SUPPORT SYSTEMS, INC.. through an . 

authorized officer, has caused thii Assignment to be executed this Eighth day of September. 

1993, at Santa Rosa, California. 

___ . ., .--- 

ENDOVASCULAR SUPPORT SYSTEMS, INC.’ - ’ -i .. 

2 ..- 
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The name of Ihis corporation is Arterial Vascular Engineering. Inc. 

The address of the registered ofttce of the corporation in the State of Delaware is 1013 
Ct4aUrc Road, City uf WWingloa. County of New title, and the nanw of the rej@tWeJ rgW$ 
of the corporation in the State of Delaware at such address is Jhe Prentice-Halt Corporation 
system, Inc. 

The purpose of fhis corporation is to engage in any le#M act of activity for which a 
corporation may be organized wkr the General Corporation Law of the State of Delaware. 

. IV. 

A. This corporation is authorized to issue two classes of stock (0 be desi?ated, 
respectively. “Common Stock” and “Prcfcrred Stock.’ The total number of shares whxh &e 
corpornion is authorized to iwe is Fifty Million Five Hundred Thousand (50,500.ooO) shares. 
Fifty MiIliun (SO,OOO,ooO) sluuzr shdi bc Cwmol~ $d, rdt luviri)! ZI pw vdu~ UT olrr++lr 
of out cent (S.00~). Fiw Hundred Thousand (SOO$OO) shared shall be Preferred Stock! each 
having a pitr v&e of one-tenth of uue cent (S.OOt). Each outst;mding share of Common Stuck, 
par vaiue t.01, shall, upon fifing of this Amended and Restated Certiricate of Incorporation be 
reconstituted as 5.5 shares df Common Stock, par value $401. No fractional shares will be 
issued and. in lieu thereof. any holder of less Turin one share of Common Stock shall be entitled 
to rcccivc cash Tar such holder’s fractional share based on the fair markct value of such stock 
as determined by the Compauy’s Board of Directors. 

B, - The Prefwred Stuck may be issued from time to Gme in one or more series. The 
Board of Directors is hereby at&o&d, by fiting a certificate (a *Preferred Smck I)tsignd~~~~) 
pursuant to the Delaware General Corporaticm Law, to fix of after from time to time the 
designation. powrs, preferences and rights of the shares of each such s&es and the 
qualifications, limitations or restrictions of any wholly unissued scrims of Preferred Stock, and 
to eslobtish fcom time to time the number of shares constiuning any such series or any of them; 
and to increme or decmse rh number of shares of any series subsequent to the issuance of 
shares oi that series, but not below the number ol shares of such series theu outstand&. in 
case the number of shares of any series shall be decreased in accordance with the foregoing 
sentence, the shares constituting such kcrcase shalt resume the status that they had prior to UK 
adoption of the resolution originally fixing the ‘numb& of shares of such series. 
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For the management of the business and for the conduct of the affairs of the wrporatiort, 
ad in further dcfimition. lhnitatioa and ngulatiott of the powers of the corpcnrioxt, of its 
directors and of its stoekholden or any class thereof, as the case may be, it is firrthtr protiM 
that: 

A. 

(I) The marwemeM of the business and the co- of tlte af&rs of the’ 
corporation thrlt bc vcstcd kr $s Board of Dirccmrs. The nutnbcr of directors which shall 
constitute the whole Board of Directors shall be fixed exclusively by one or mom resolutions 
adopt-cd by the Board of Ditectors. 

(2) Notwithstandhg the foregoing provisious of this Article, each director shalt 
serve until his successor is duly ekcted and quaiifsd or until his death, ~~igtta~iot~ or removal, 
No decrease in the number of directors constiMinp the Board of Dirccturs shall shortm tbc mm 
of any inwmbent director.- 

. . 

Subject to the rights of the hoilders of any series of,Preferrcd Stock to elect additional 
directors under spccifwd circumstanecs, directors .shaIl bc ckctcd at each annud meeting of 
sttikhotdcrs. Each direc~r &aIi save until his succcssur’is &I~ elected attd quaIificd or until 
his death, resigmtion or removal. No decrease in the mmber of directors constituting the Board 
of Directors shalt shorten tlte term of any ittcumbent director. 

01 Following the ctosing of the initial public offering pursuant to an effective 
registration statement under the Securities Act of 1933, as amended, covering the offer and sale 
of the corporation’s Common Stock to the public (the “Initial Public OfWing”), and subject to 
the rights of the holden of any series of Preferre4 Stock, any vacancies on the &ard of 
Directors rcsdting from &a@ resignation. disqualification, removal or other causes and any 
newly created directorships resulting from any incrwe in the number of directors. shall, unless 
the Board of Directors &tennines by resolution that any such vacancies or newly created 
directorships shah be ftiled .by the stockhoMers and except as otherwise provided by law, bc 
filled 0nly by the af@native vote of a majority of the directors then in of&e, even though less 
than a quorum of the Board of Directors, and not by the stockholders. Any director elected in 
accordance with the prececling sentence shah hokl offtce for the remainder of the full term of 
lhc director for wbicb the vacancy was created or occurred and uutit such director’s succes& 
shalt have been ekcted and qualified. 

- 

B. - 

01 Subject to paragraph (h} of Section 43 of the Bylaws, the R$aws may be 
altered or amenhd or new Byfaws adupted by the aifimuttiw vute of at least eighty percent 
(80%) of the voting power of all of the then-outstandiittg shares of the Voting Stock. The Board 
of I)ireclors shall abo have the power to adopt, amend, or repeal Bylaws. 

: 

21w2020 
0121% 2. 
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(2) The directors of the corporation need not be elected by written ballol , 
udess lhe Byfaws so ptovide. 

0) FuUowing the’lktial Pub&c Offkring. rto action shalt be taken by the 
stoclcboldcrs of the corporation except at au annual or special mectiug of stockholders called in 
aecocdance wirh the Bylaws. 

(4) Special meetings of the stocltholders of the corporation may be called, for 
my puspose UC purpose, by (i) the chairman of the 3oarJ of Diictors, (ii) the Chief Executive 
Officer, or (iii) the Board of Dim#xs pursu&tt to a tewlution adopted by a ntjor&y Of the toota! 
mra\berof~~ddirecton(wbet&rornar~cxSaayvrcancicsiapmriousl,v~d 
directorshipsatthetimearqsudtresoludouisprtscntedto &eBoardofMnuorsfvrado@cw~), 
aad shall be htld at such place, an such date, pod at such time as the Board of Directors shall 
fix. 

(5) Adyam notice of stockhoider nominations for t@ eiection of directors and 
af business to be brought by stockhokiers before any, meeting of thy stockhcrlders of the corpora- 
tion shall he given in the manner provided in tire Bylaws of the corporation. 

VI. 
. A. A director of Thai corporation shall not be p&n@ly liable to the corpMarion or 

its stockholders for monetary damages for any breach of fiduciary duty e a director, except for 
liability (i) for any breach of the director’s duty of loyalty to the corporation or its stoclcMders, 
(ii) for acts or ontissiorts not in gwd faith or which involve intentional misconduct or a knowing 
violation of law. (iii) under Section 174 of the Delaware General Corporation Law, or (iv) for 
any trmsaction from whicl~ the diiaar dmiwd an itqxyer pasonal bcncfk If ?he Dtkwarc 
General Corporation Law is amended after approval by the stockholders of this Article to 
authorize corporate action further ciimiuating or limhittg the personal liability of directors, then 
the liability of a director ‘shall be ciiminated or limited IO the fullest exttlllt permitted by the 
Delaware General corporation Law, as so amended. 

B. Any repeal or modification of this Article Vi sltal! be prospective and slut11 not 
affect the rights tutder this Article VI iu effect at the time of the alleged occurrence of any act 
or omission to act giving rise to liability or indemnification. 

VII. 

A. The corporation rcswes the rig& 80 amend, aster, change or repeal any provision 
contained in this Certificate of inwtporatiott. in rix: manner now or heruafter prescribed by 
statute, except as provided in paragraph B, of this Article VU, and at1 rights conferred upon the 
sto&hol&rs berein are granted subject to this reservation. 

.* 
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Oi2f% 



-vAscu&IAR~, INC., a co& orgattixcd and twisting tmdcr 
the Cknd Corpnration Law of cite St& of D&ware, dew hereby ctktifj IIU fbflows: 

33FTE: The Amended and Rest&d Ccrtiticak of bc&~~ti~ so mti ma& 
in fix8 as set forth in Exhibit A dtachcd her& and hereby ‘&cxpontcd by reference. 

IF4 WiMEss WaBREopI &T&up VAscufAR ENcBNpEIuNo, INC. has cawed this 
Restated Ccrtifimtc of~hmporation to be signed by its Presicht md attested to by its Secretary 
this 29 day of Jamwy 1996. 

APPLIED VASCULAR ENGINEER-, WC. 

. 

. - ._ ..I__-- .-- - .-----*--- -. . . . . . ..t.- Wm. - . . 

STATE OF DELAUARE 
SECR~ARY OF STATE 

OLuISION OF CORPORATIONS 
FILE0 OS:00 fllO&.331996 

960028170 
. 

-a .-. .  . .m fl - -*-. - .  -. - __.. -. _ .  
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PLaSZ RE\i'IB'f ,4LL INFORMATION CONTAINED ON THIS NOTICE. THE INFORMATION 
COElTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA PRESENT IN THE 
PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD FIND ANY ERRORS OR 
HAVE~QWWI' IONS CONCERNING THIS NOTXCE, YOU MAY CONTACT THE EMPLOYEE IrJI(OSE 
NAME APPEARS ON THIS NOTICE AT 703-308-9723. PLEASE SEND REQUEST FOR 
CORREZTION TO: U.S. PATENT AND TEtADEMARK OFFICE, ,&SIGNMENT DIVISION, 
BOX ASSIGNMENTS, NORTH TOWER BUILDING, SUITE lOC35, WASHINGTON, D.C. 20231. 
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SERIAL NUMSER: 08478192 
PATENT NUMBER: 

SRRIAL NUkfRRR: 08451270 
PATENTNUhKBER: 

SERIAL NDMEER: 08326031 
PATENTNUMBER: 

SERIAL NUMBER: 08562138 
PATENTNUMBER: 

SERIAL NUMBER: 08568543 
PATENTN%dBER: 

SERIAL NUMBER: 08568834 
PATENT NUMBER: 

SERIAL NUMBER: 07398180 
- PATENT NUMBER: 5292331, 

.  _’ 

FILING DATE: 
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FlLING DATE: 
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FILING DATE: 
ISSUE DATE: 

FILING DATE: 
ISSUE DATE: 

FILING DATE: 
fSSU33 DATE: 

06/07/1995 

05/30/1995 

10/19/1994 

11/22/1995 - 

12/07/1995 

FILING DATE: 
ISSUE DATE: 

12/07/1995 

FILING DATE: 08/24/1989 
ISSUEi DATE: 03/08/3.994 
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Applied Vascular Engineering, Inc. 
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FIRSTS @Ihat the name and s&e of incorporation of-ea& of the constitu~t corpora&s 
of the merger is as iouows: 

l3it&s 
r, : . -bat4 . * 

. _’ lulmial vascular Ellgineng, Inc. . DkiWW 
MAVMc.rgacorp. Dclawara 

SECOND: Ihat m Agtwttncnt and P&n of &+rgcr bctwccn the pa”tics to the merger has 
been approver& adopted, certified, executed and aoknowledged by cash of t&e Constituent 
corporaticm in accordah witli tbc rquircuxxts of subs&on (cl of Scctian 25 I of the Gcnprel 
Corporation Law of the State of Debswsue. 

THTRD; That the name of the survivkg cozpozation of tbc merger is Art&t1 Vase&x 
Enginocxing. Inc., which tipon tha mcrgcr wiU obengo its name to “‘MalWmic AVE, Inc.” ? 

FOURTH: That thk r&t&cd ccttificatc of lncoIponrtion of the SLltyjvidls corporation &a& 
as &sult of the merger, be amended add restakd in its eati@ to read as set forth on Exhiizt A - 
htrcto. 

i?IFTE That the cxaytcd Agrccnmt and Plan ofMerger is on fiic at an ofiico of the 
surviving corporation. The address of such office ofthe surviving corpox’&on is 3576 V~ocal . 
Place; Santa m Califknja 95403. 

SXTH: TM a copy of the Agmment and Plan of Mcrgcr wilt &c fwi&ed by the 
md4ng carporation, an rqucst md without cost, to any stv&hoWt of any cons&tent 
W~WiOtt. 

221U9b3 
(lb&Wtdac) 

. 
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Tbe54&ist#e afficeof the cotpoatibn in&e Sta.t4cofIMmar4 is 1209 Orimge %38t, in 
the City of Wilmj.n~~- County of New Castle, Dclawaro, 19801. The oafnc of 3ts rcgktcqxj 

. qent 3 such address is The Corpora&m T~tJ!ox$qany. 
. 
. 

.ASU’lCLB 3 c PURPUSE!$ 
. . 

Tbe nature oft&c business or puqxxes to be cotiuctcd or promoted by the corporation is 
to engagc in any lawfir1 acts and activities for u&h cozpomtions may bc orgarGzed under the 
General CorporatEon Law of Delaware. 

? The qgrcpte number of shares the cqxmtion hm authority to &ax4 d& be 2,500 
abaps of Cimmon Stock, t.O1 par Y&B. - Hdipers oRhnmo~ Stock &all be e~~titied- to one 
~otc for &I share of Common Stock held Of rcqord. . 

. . 
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6.2) $&poktc Book+. The books of the corporation may be kept within w (subjccf k ” 
any provision contained in the atatut~) outside tbeSatr of Delaware at au& place or pkcs as ’ 
may be deaignatcd fkam tkne to time by the Beard of Directors or in the Bylaws of t&c. . 
corpomtion. 

7.9 Limit&m of LiabNty. A dircc+r of@ corporation sh@ not be persona@ liable . 
to the corporation or its stodcMdcrs hrr ~~~etqy damages for any breach offi$&ry duty as a . 

.dbcctor, except for lid&y (iJ far any brc& afthc director% duty afloya!ty to tbc corporation 
of its sto&holdms, (ii) for sets or omiuions not io ppd Akb or which involve iotentional 
mkonduct it a km&g violatkm of law, (iii) under Scctim~ 174 of the DelawareGeknJ ’ 
Cmpotation~ law, or (ii) for my transaction frcxn whtch the director derived an impropa~ 
personal benefit. If the Pelawarc Gcntral #rporation Lava is am&ti afker approval by the . 
stockholdcm of this Azticlc to auttwizc cxxpcsatc z&x3 further eliminating or timit+ the * _ 
personal lial%ity of diktors, then the liability of 3 director &all he shinsted or &r&cl to the 
fbllcst extent permitted by the Delaware Gcaeral Caporation Law, as SO amended. * 

72) &.rnendxncnt of this Article, Any repeal or xmitikatibn of this Arti+ 7 shall be? 
! prospective and &Ii not afkct the rights under th& kti’olc 7 in cfkt at the time of the allege . 

vce of any act or omi.s&n td act givkg rise to liability or indernnifieatiott. 
. 

ARTICLE 8 - BYLAWS . 
The Board ofDir&o~ is cxpre&y aufhkized tb m;rkc and &crBylaws of this * .. 

curpbratio~ subjedt to fhc powa oft& stockboldcts. to chang? of rep@ SW% gyh iand SnbjT 
to any other Iirnitati~ns on such autb&ity provided by the Gonoral Coxpor#on Law of Delaware. 
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United States Patent ‘WI ill] Patent Num?m: 5p2,331 
Boneau [4q Date of Patent: Mar. 8; 1994 

[54] ENDovAscmAR SUPPORT DEVICE 
[7SJ 3mmtor: Mfclmel D. Bomm, Campbell, Calif. 
ml AEfign=: ApP~eddm&lw=a& l[ne, 

. 
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WI A4BsmAcT 

An dovamdar support device for trcabncnt of 
‘khrhicrestenasisorotbcrvasc~naKowingi8dis- 
closedto~~withomethodoflnall-urda 
method for delivering a plmlity of such d&ices to an 
at%ctcdm!aofavesscl. hrprefcfzede~ 
uxkmcuksupportd~#nnpriscrrrmituywirc- 
likestnmlrc#nfigurcdtoforrnrpl~tyofupp# 
mdlowmp&whicbmaykcomprcsscdfordciivcry 
to8nif%xtedueaof8 corbnnryOrpCXip~veSrelb 
a human, and then expanded to maintain a passageway 
through the verael. 
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ENDW,QCWUF&SUPFORTDE\rfCE 

FIELD OF THE INVENTION 
The present invention I&es generally to medic8l 

devices, and particukr~y rektes to inrpkntabk devices 
for treating narrowing of w orpeqerdvvessels 
in hummls. 

BACKGROUND OF THE RWENTlON 
cardiovascukr distas$ hcloding ak&qo&r& is 

the keding cause of dea.th,in the US. The’meciical com- 
munity haadevekped a number of methods for treating 
cmonaryheartdisease~someofwhichaicapec&ahy 
designed to treat the complications resulting &om ath- 
aosckrosis and other forms of coronary art&a? nar- 
rowing. 

TIN most impelling development in tie p8stdecade 
for truuing atherosckrosis and other forms of coronary 
nlurowhtg is percut8nwus translumhl8l wron8ry Mgi- 
oplasty, h&nafter referred to simply as %ngiopksty’ 
or *‘PICA”. The objective in at&&sty is to enhuge 
the lumen of the af&ted~coronary artery by radial 

5 

10 

1s 

20 

hydraulic expansion. Tbc procednrc is accomplished by 
irdktiua 8 bdloon witbin the nurowed hmm of the 25 
wrom& artery. Radial expansion of the coronary ar- 
teryoccursinsever8l diff’t dimensknsandisrelated 

. to the nature of the pkque. Soft, fatty phquc deposits 
are flattened by the balloon and hardened deposits are 
cracked and split to enlarge the hunen. ‘Phe walS of the 30 
z itself is also stretched when the balkon is in- 

P’TbA is performed as follows: A thin-wahed,, hol- 
low gniding catheter is typicahy introduced into ‘the 
body via a relatively krge vessel, such as the femoral 35 
artery in tie groin area or the bra&al artery in the arm. 
Accks to the femoral artery in achieve&by introducing 
a large bore needle directly into the femoral artery, a 
prowdurt: known as the Seldinger ‘Pechnique. Once 

Tolessontheri&ofmstaKX&variousdeviceshave 
beea proposed fix meohanically keeping the affected 
vessel open 8ftar completion ofthe angiopksty proce- 
dure. Such mech8nW &at&pm&& d&us which 
8regesledlyrcfI?rredtoustmts,8retypic8uykserted 
into the vessel, prxddoned across the k&m, and then 
expanded to keep thk passageway ckar. Effectively, the 
stent overcomes the natural tendency of the vessel walk 
of some patients to close back down, thereby maim&- 
kg a more normal flow of blood through that vessel 
than would be possible if the stem were not in place. 

Var@s types of stems have been proposed, although 
to date none has proven satisfactory. One proposed 
stem invokes a tube of stakkss wire braid. During 
hscrtion, the tube is positioned along a delivety device, 
such as a catheter, in extended form, making the tube 
diameter as small as possible. When the stem is posi- 
tioned across tbc ksion, it is expanded, causing the 
length of the tube to oontract and the diameter to ex- 
pand. Dependiig on the materials nsed in construction 
of the stem, the tube maintains the new shape either 
through mechanical force or otherwise. For example, 
one such stent is a self-expanding stainkss steel wire ___ _ 

access to the femoral artery is achieved, a short hohow 40 braid. Qtber forms of ~&MS i&ude various types tubu- 
s+th is kserted to maintain a passageway during kr metallic cylinders expended by balloon dilatation 
FTCA. The flex&It guiding catheter, which is typically One such device is refeed to as the Palmar stent, dis- 
polymer coated, and lined with T&m, is inserted cussed further below. 
through the sheath into the femoral artery. The guiding Another form of stent is a heat expandable device. 
catheterisadvm& ~u&~ffemo~ zgteryhm&e 4s This device, Ofi-Y designed usmg ND’DWL by 

Dotter bar recu&b&n mo&fkd to i new tin-coated, 
heat expand&k c&i by Regan. The stent is delivered to 
the at&ted area on a catheter capable of reoaiving 
heated fluids. Once properly positioned, heated aahne is 
psssed through the portion of the catheter on which the 
stent is heated, cnushtg the sknt to expand. Numerous 
difi3cultics have been enwuntercd with this device, 
ix&ding difftculty inobt8ining reliable expansion, and 
difkulticu in maint8hdng the atent in its expanded state. 

2 
witb contrast materkl to permit fluoroscopic viewing 
duringtreatmaltThe~is8IterMtelyinflatcdMd 
defkted until the hlmen of the artery is satisfactoriiy 
enkrged. 

unfol.tuwely, while the sffccted artery CM be en- 
lug& in SOme inst8ncea the vessel reatenoses chroni- 
c&y, or ckses down acutely, negating the positive 
&ect of the angiopksty procedure. In the past, such 
lTstcnosishasfrequen*ynecessitatadcepe8tPTcAor 
open hean surgery. Wbik such restenosis does not 
occurinthemajorityofarys,itoccursfrequently 
enough thtit such oomphcations comprise a signtfkant 
percent8gc of the over8ll f8ilures of the PICA proce- 
dnre, for exampk, twenty-five to thirty-five percent of 
such faihrres. 

iliac artay and into the &endiig aorta. Further ad- 
vrrncement ofthc fkxibk c8theter involves the ncgotia- 
tion of an approximateiy 180 degree turn through the 
aortic arch to allow the guiding catheter to descend into 
the a-tic cusp where entry may be gairied to either the SO 
kftorthctightcoromkyartery,asdesired. 

After the guiding cuheter is dv8nced to the osthun 
of the coromuy artery to by treated by PTCA, a flexible 
guidiwirn? is imerted into the guiding catheter through 
8b8llOWMd8dVMCCdtO’thCrVeatObetrewd.TbcSS 
ga&wircprovidestheneomuy rkemibility for ksioa 
passage. The guidewire is advanced across the lesion, or 
Wires” Qe ksion, iu preparation for the advancement 
of a polyethykne, polyvinyl chloride, polyolefin, or 
other suitabk substance balloon catheter across the 60 
guide wire. The balkon, or dilatation, catheter is placed 
into position by sliding it along the guide wire. The use 
of the rektively rigid guide wire is riccessaty to ad- 
vmlcc the catheter through the nurowed lumen of the 
artery and to direct the balloon, which is typically quite 65 
fkxibll, across the k&m. Radiopaque markers in the 
balloon segment of the catheter fscilitgte positioning 
8cross the lesion. The b&oon catheter is then infktrd 

Perhaps the most popular stent presently under &es- 
tlg8tion in the United States is referred to as the Pahnax 
stat, ,The Pahnax stem involves what may be thought 
of as a stahkss steel cylinder having a number of s&s in 
its circumference, resulting in a mesh when expanded. 
ThestaWesssteelcyhnderisdeliveredtotheaf%cted 
area by means of a balloon catheter, and is then ex- 
panded to the proper size by inflating the balloon. 

Sign&ant diffkulties have been enwuntered with all 
prior art stems. Rat has its percentage of thrombosis, 
restenosis and tissue in-growth, as well as varying dc- 
grees of diicuhy in deployment. Another difficulty 
with at least some of prior art stems is that they do not 
readily conform to the vessel shape. In addition, the 
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relatively long length of such prior art stems has made 
it difficult lo treat CWV& vessels, aad ba9 &O &c* 
dvely prevented suuxmful hnp3antation of muhiple 
such stmts. Anticoagulmts have bistoritiy been re 
quiredatseast forthefustthreemafterplaccmem. 
These and other complications have restdted in a Iow 
level of ac=scptan* for such stents within the medical 
community, end to daie SetIts have not beeti acmpted 
asapra&atmetbodf0rtreatingchroniCrestincsis 

Tbasthcreh89beQIalongfeltneedfoiastmtwhich 
is effective to tuaintain~a vessel open, without mxuking 
insi~tt wbicbnlaykMsilydelivered 
totheafWeduea,easilyexpaudedtothedesiredsize, 
eadyylformedtotbeafkctcdvesse~and~yused 
~f~t’Rl@d&stotre%tc wsdsandv%rymgkngths 

Tltese and other objects of the present invmti~n can 
be better appreciated from the foIlowing detailed de- 
scription of the inveetio* taken in c&unction with the 
attached drawings. - 

5 FIGURES 
FIG.1showsaperspcstiveviewofanendo~ 

arrpport dcviee confnmcted according to the pm* 
invmtiotq iu its expanded form. 

IO FIG. 3 shows a support device constructed according 
to the present invmtion and compressed onto a bakon 
cdk?tcr. 

FIG. 3 shows % support device compressed onto a 
balloon catbeta as shown in FIG. 2, and positioned 

15 wit&aacuionedpaqtion~anaff~arcaofaartcry 
or other vesstf. 

FIG. 4 shows a support device aa%rding to the prea- 
mt invmtioa in its cxpmded form within a sectioned 
,portion of a vesseI in&ding a I&on. 

20 FIG. 5 Shows a support device of the present inveu- 
tion in itq expanded form within a sectioned portion of 
a ksion after removrd of the baIloon catheter. 

FIGS. 6u-b show akrnative coffigurations of a sup- 
port device according to the present inventior~ 

2s 

SUMMARY OFTHE INVENTION 
The present invention substanti%Uy reduCea the cam- 

phcations .and overcomes the Iimitations of the prior art 
cIwiccS The mdovascul%T support device of the pres- 

eat invmdon comprises a device having very low mass 
which is capabie of being dlvered to the affixted area 
by meaus of a slightly modified oonventioual baboon 
catheter simibu to that used in a standard balloon angio- 
plasty procedure. 

The support device of the present invention may then 
be expanded by normal expansion of the b&hum cathe- 
ter used to deliver the Sent to the affected area, and its ,,, 
size can be adjusted within a relatively broad range in 3v 
accordsnce with the diagnosis of the treating physician. 

Beea= of the range of diameters through which the 
support device of the present invention may be ex- 
panded, it may be custom expanded to the specific le- 35 
sion diieter, and is rcadiiy conformable to the vessel 
shape. In addition, a plaraiity of support devices of the 
present invention may be readily implanted iu a number 
commmsurate with the lmpb of t$e lesion under treat- 
ment. As a result curved or “S” shaped vessels may be 40 
treated. 

The stmt, or mdovasctdar support device, of the 
present invention may preferably be comprised of im- 
plantable quality high grade st.ainIess steeI, machined 
specially for intravascular appIic.ations. The support 45 
device may comprise, in eikt, a metal circle or eflip 
soid formed to create a pluraliiy of axial bends, thereby 
permitting compression of the stent onto a delivery 
catheter, and subsequent expansion once in place at the 
afrmti Isfea. 50 

It is one object of the present iuvention to provide a 
stmt which substantiaily overcomes t$e iimhions of 
the prior art. 

It is a fbrtber object of the present inventiou to pro- 
vide a steat capable of being impIanted simply and reli- 55 
ably. 

Another dbject of the present invention is to provide 
a sent which does not resuh in signSkant thrombosis at _ _ __ _ 

Referring first to FIG. 1, an mdovascular support 
devioe lO, referred to hereinafmr more convenientIy as 
a stenb ckstructed in accordance with the preknt 
hnventiwcanbeseen~puspcctivcview.Thestent10 
of FIG. 1 is shown in its expanded form, prior to com- 
$~;;~riitablc delivery system as discussed in . . 

In a preferred ;abodiment, tbe stent 10 comprises a 
single piece of material, bent to form a phtrabty of 
upper axiaI turns 12 and Iower axial turns 14. In the 
embodimmt shown in FIG. 1, four upper turns 12 are 
connected to the four lower turns 14 by substantiaby 
straight segments 16. The axial turns 12 and 14 can be 
seen to permit the stmt 10 to be compressed or ex- 
panded over a wide range while still mahrtaining sign%- 
cant mechanicsI force, such as required to prevent a 
vessel from matenosing. while a preferred embodiment 
comprises a single piece of material, in some instances a 
suitably welded wire may be acceptable. 

It will be appreciated that the number of turns 12 and 
14 can vary over a reasonably wide range, and may in 
fitct vary between two and ten such turns or peak.% 
However, it is currently bekved that the optimum 
number of turns or pmbs wiIi range between three and 
five for most applications, and prMkuIarly for cardio- 
vascularappIic%tions. 

DETAI&ED DEgCRIPTION OF THE 
INVENTION 

the point of Implant. 

The.stentlOisprefii~yconstructed 0fimpIantabIe 
materi%lsbaviaggoodmecbmicalstrengtb.Ancmbodi- 
mentwhicbhasproven successfuiinprefiminarytesting 
is machined fkom 316LS implantabk qusIity stainless 
stee~barstock.ThebarstockisnsacMmdtoformsub- 
stantidly a toroid, which is then acid etched in phos- _. __. .~ . _ .___ .--- Yet mother object of the! pmextt bNmtht is to prO- 66) phoric and suKuric acid at approximateIy 180’ to 185’ to 

videastmtwbicbcan be sdectively sixed in accor- bt-CSktbCUiges.TbCCtCbedtOroidiStbCUpbttCdWitb 
dance with the anatomic configuration dictated by the copper to avoid galling and to provide lubricity. 
ksion its&a Thecopperplatedtoroidisth~bmttothtsbapeof 

A stib further object of the present invention is to the stent 10 shown in FIG. I, a&r which the copper 
provide a method for Supplying an erkiovasctdar sup- 65 ptating is stripped from the stent. The stent is t&n re 
port device which permits a plurality of such devices to tumed to the acid bath to reduce the wire size to the 
be implanted commensurate with the length of the le- desired diameter, which is in the range of O.OO2” to 
sion under treatment. 0.025”. It is presentIy believed that the optimum wire 
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size for the final product is in the range of 0.008” to flexible in the treatment 
0.w. It v&Ii be appreoiated that the strength of the 
stent-that is, its ability to prevent resteno&-is in- Baxusc of the in&&ion of the baUoou the Iesion 102 
verscIy proportional to the number of peaks or turns in inthcvessJ1Misexpanded,andoausesthearteM 
tbe sent+ so that stents hiwing agreater number ofturns 5 wail of the vesrei lB4 to bulge radinlly. as simpiisticapy 
will typically be formed of larger wire dmmetem Pi- dtpictEdinmG.4.Attbesametime,~eplaquedepos- 
nally, &bough not rap&cd in ah cases, the outside of itedwithintheintimaofthevspelisdisplseed~d 
the stent may be selectively pIate$I with piatimnu to thinned#andthesteutlOisembeddedinthepIaqueor 
provide improved visiity during Wuosoopy. The otherfibroticmaterWadhaingtotheintimaofthe . eahapeoftbe*stezltmaybccirsu- 10 %k!scllo4. 
kt, dlillwoidal, rectrurgpluI J=liw sp=-a or other Following ixdbion oftht balloon 100 and expansion 
poIygon. aBhough at preseut it is be&Wed that oinxdar ofthesteut1gwithinthevemellO4,thebaIIoonisde- 
or cnipsow may be preferable. hatcdmdramwcd.n#:oxtaior~ofthtvcssel104 

TllcnlinirnuDllengthofthcstcabor~tbedist?nce returnsttrIlsolighldsbllpe~nghclmdcrecoiLTbe 
betweentbeuppcrturnsl2andlowerturusl4,isdeta- Is stentt~however,remaius initseupa&edformwithin 
minediniargemcMurebythcsiueoftbevesselinto the vcss& and prevents further restend of the vcssei. 
wbichthestentwillbehuplan~Thestent10will Tllestentmaiut8ius8uopl?n P=w-Y -a the 
pretbrablybeofst#ioientIengthastora&ainitsauiai vessel,uSbowninFIG.4,solougmthetendwcy 
orientation witbin tbe vessel without shifting under the towardresumosisisnotgraterthrntbcm~ 
bydraulicsofbloodflow(oaotbes&rid~wiodiffa‘mt m slrengtb of the stCnt 10. 3euwse of the low mass of the 
types of vcsscis), while ako being long enough to ex- support device 10 of the present iuvention, thrombosis 
tend across at least a sign&ant portion of rhe affbcted is less likely to oeotu. IdeaIly, the disphuxment of the 
area At the same time, the .&en! should be short euougb plaque deposits and the impIantation of the stcnt 10 wih 
as tonot introduc.eunnuxsariIy iarge amountsofmate- z result in a smooth inside diamau of the vessel 104, 
rial as rnigbt cause undue thrombosis. Typical card+ although this ideal cannot be achicved’hr all cases. 
vaswlar vcssds into which the stent 10 might be im- Gne of the advantages of the stent 10 is that multiple 

_ _, phmted range from 1.3 miIIimeters to five mihimeters in stents may be used in the trmtment of a single lesion. 
diameter, and corresponding stuns may range from one Thus,‘for example, in the event the af%ted area shown 
millhwts to two ccntiincters in knjgb. However, in 3. iu PIGS. 3 and 4 was longa than the stern 10, additionaI 
most instances the stent will range in length between 3.5 stats 10 could be positioned ehewbere aIong the lesion 
millimeters and 6 mi%metcrs. Preliminary testing of to prevent restenosis. In pmhmbmry testing, up to four 
stem having a Iength between 3.5 m&net& and 4.5 stents have been used Swwssfttlly along 8 shlgle hion. 
millimeters has been performed with good suuxss out- Due to the conformaboity of the stern 10, not only can 
side the United States, and testing on animais is also 35 varying lesion lengths bc treated, but curved vessels and 
ongo-mg. “SW shaped vessels may also be treated by the present 

Once the wire size of the stent 10 has been reduced to invention. In instances where it is known in advance 
the desired size, the stent 10 may be crimped onto a tbat multiple stents will be the preferred method of 
balloon NlO, as shown in,FIG. 2, for d&very to the treatment, a plurality ofsuch stents may be positioned 
affected nqgion 102 of a vesscf 104 such as a coronary 40 along a shtglc b&on catheter for simuItaneous deliv- 
artery. For the sake of simplicity, the muitiple layers of uytotbeaIfectcdarea 
tbe vessel wall 104 are shown as a single layer, although As discussed above, the number of peaks or turns l2 
itwimbermdustoodbyfhoscs~iatheartthatthc and 14 in the stent 10 may vary between two and ten. 
iesion typically is a plaque deposit within the intima of To this end, shown in FIGS. 60 and 6b are two aIterna- 
the vessel 104. 

One suitable balloon for delivery of the stcnt 10 is 
,s tive wnfIgwations of the stem 10. The alternative em. 

bodimentshownin6@oanbeseent0havethreeupper 
manufactured by Advanced Cardiovascular System% and three lower peaks or turnr, while the embodiment 
Inc,, of Santa Clara, C&f. (“ACS”), and is eight milli- showninFIG,6bcanbeseentohavetenupper~dtar 
meters in length with Microglide Q on the shaft only. lower peJk% 
The steut+.anying baboon 160 Es thcuadvaueed to the M whiie the primary appIicatioa for the stun 10 is pres- 
affected area and across the lesion 102 iu a eonventionai ently beiievcd to be treatment of cfmliovascdar disease 
manner,suchasbyuscofaguidewireandaguide snob as atherosclerosis or other forms of coronary nar- 
cuheter (not shown). A suitable guide wire is tbe DA 14” rowin&thertent1oof~~~tinveationmay~be 
lcii Torque Pioppy manufactured by ACS, and a suit- used for treatment of narrowed vessels in the kidney, 
able guiding catheter is the ECT.076 Iuincn guide oathe. $5 kg, carotid, or eIsewhere in the body. In such other 
tcr, also mauufacture$ by ACS. vess&thcsizeofthestentrnayuecdtobcadjustedto 

GncethebsNoonu)oisinplaceacrosstJ3eIuiou1M, oompmsateforthediffe&gsizesofthevesscitobc 
as shown in FIG. 3, the baIloon it&nay be *ted, rreated,bearinginmindthe&ingguideIinesprovided 
again tat-y in a c4mventionaI manner. In sdect- above. 
iogabslfoon,itishtIpfultoensurethrtthebanoonwill@ ?Iwing #idly described a preferred embodiment of 
provide radiaiiy uniform infIation so that the stern 10 tbeinventioqtboseskiIlcdintheartwillimmediately 
wiuexpandequ&yaiongeachofthepeaks.Thehltla- apprecie, givcu the teaobings herein, that nm 
tion of fhe ballwn lMt, shown in FIG.. 4 causes the dtemtives and equivnlents exist which do not depart 
expansion of tire stem 10, from its crimped confignra- from the present invention. It is theretore to be under- 
ti~t#rcktoa~a~substantislly~:tbrrtsbowninBstoodthrttheprrscntinventionisnottobe~~by 
FIG. 1. The amount of inSation,.and commensurate the fqoing description, but only by the appended 
aluount of expansioll of the stcnt 10, may be varied as &ims. 
dictated by the lesion i&f, making the stem of the I oh&m 
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1. A sent for bnplantation within a vessel within the 4. The stent of claim 3 wherein the phmiity of seg- 

humsn body mrnprisiig a plum&y of N substantial!y melltsareformedofsurgiudstainlesssteel. 
straight segments of wire-like mater&J each segment 5. The stent of claim 4 wherein the plurality of seg- 
haviagahmaMi~d~dswhereiatht~endof 5 merits are plated with ptatinunr, 

aflfstsegmentisconnectedtothe6astebdofasecond 
6. A stmt for implantation in 8 vessel witbin the 

segmen~tbedendofthesecondsegmentiscon- 
bumsll body unnprssing a unitary wire4ke cird 
member bent to form a plurality of N substsntiallly 

mectedtothesecondendofthethirdwgmcnr,thefirst straight, non-ovedapping segments wherein each seg- 
endoftbethirdsegmeatiscomectedtotbe6rsteadof menthasafirsteadandasecmdend,andthefvstend’ 
the fourth fiegmea~ and so on until ksecund end of IO of the Brst segment is cxmeotad to the first end of the 
theNthsegmentis’-zotbedendoftbe second segment, the second end of the second segment 
fW segment, with no segment oversappiag any other isumnectedtothesecoadeadofthetbirdsegment,the 

segnht sad the plurality of segments being capable of 
&stmdofthethirdsegmentisconaecttothefixstend 
ofthefourth~~~uadsoonuntilthesccondendof 

kinsoompresrsdonfaacbthetcrfordelivaytoants~Nthsybmcntiscwnqctedtotbe,secondeadoftbe 
aEectedareaofavesselandtbenforciiytxpandedto first segnunL the sum ?xing annprmed onto a catbe- 
maiatainthea@ctcdareaofav&atadianWer terfadekryt.oanaffecMareaofavefsclandtben 
Iarger than ifthe su&ott device were not implanted. forciblye.xpandedtomaintajntheaff~snaofa 

2.Thestentofclalmlwherciathe~~dNis vesselatadiDmaulargerthanifthesupportd& 
between six snd twenty. 20 were not implanted, the value of N be&g between six 

3. The stent of cl&m 2 wherein the ph~ality of seg- 
and twenty. 

7. The stent of claim 6 wherein the stent is formed of 
merits of wire-I&e materid are formed ss a single unit surgical stainless steel and plated with platinum. 
and then bent to form the plurality ofsegments. . . * l . 
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